A new species of limestone cave-adapted gecko of the Cyrtodactylus pulchellus complex, C. hidupselamanya sp. nov., is described from an isolated karst formation at Felda Chiku 7, Kelantan, Peninsular Malaysia. This formation is scheduled to be completely quarried for its mineral content. From what we know about the life history of C. hidupselamanya sp. nov., this will result in its extinction. A new limestone forest-adapted species, C. lenggongensis sp. nov., from the Lenggong Valley, Perak was previously considered to be conspecific with C. bintangrendah but a re-evaluation of morphological, color pattern, molecular, and habitat preference indicates that it too is a unique lineage worthy of specific recognition. Fortunately C. lenggongensis sp. nov. is not facing extinction because its habitat is protected by the UNESCO Archaeological Heritage of the Lenggong Valley due to the archaeological significance of that region. Both new species can be distinguished from all other species of Cyrtodactylus based on molecular evidence from the mitochondrial gene ND2 and its flanking tRNAs as well as having unique combinations of morphological and color pattern characteristics. Using a time-calibrated BEAST analysis we inferred that the evolution of a limestone habitat preference and its apparently attendant morphological and color pattern adaptations evolved independently at least four times in the C. pulchellus complex between 26.1 and 0.78 mya.
Introduction
The taxonomic history of the Cyrtodactylus pulchellus complex from the Thai-Malay Peninsula is a classic example that illustrates how genetic data should prompt taxonomists to re-examine the morphological variation in long-standing, widely distributed species (Grismer et al. , 2014a . Cyrtodactylus pulchellus Gray, 1827 was described from material originating from Penang Island, Penang, Peninsular Malaysia (Cantor 1847) and constituted the type species of the genus. Although the description consisted of only three lines of text concerning digital and precloacal scale characters (none of which are diagnostic for the species), the taxonomy of this species remained unchanged for nearly two centuries (181 years). Other authors augmented the description of C. pulchellus with additional characters taken from specimens from throughout its range which by 2012, included the entirekarst ecosystems which has prompted us to take a second look at a lowland species, Cyrtodactylus bintangrendah, we described earlier . In that description, we noted that C. bintangrendah was composed of allopatric populations from lowland granite forests west and north of the Banjaran (=mountain range) Bintang and from an isolated karst formation in the Lenggong Valley, Perak along the east side of the Banjaran Bintang Fig. 1) . Molecular data demonstrated that these allopatric populations were reciprocally monophyletic with respect to the Lenggong Valley population and that various color pattern characteristics of the Lenggong Valley population converged on those of other limestone forest species but were not shared with specimens of C. bintangrendah from the other populations . Additionally, based on the molecular data , there was no evidence of gene flow between the Lenggong Valley population and those of the other populations. Subsequent data from Grismer et al. (2014a) and those presented here, indicate that gene flow within populations outside of Lenggong Valley (including an additional population from the Temengor Forest Reserve, Perak northeast of the Banjaran Bintang) is likely to occur throughout their collective range of approximately 100 km (Fig. 1) . Therefore, based on its morphology, color pattern, phylogenetic relationships, and habitat preference, we prefer to recognize this discretely diagnosable, allopatric, limestone forest population as a separate species. Its description, along with that of the new population from Kelantan, is presented below. Grismer (2011) , Grismer et al. 2012 , 2014a .
Materials and methods
Taxon sampling and outgroup selection. The primary aim of this study was to investigate the taxonomy and phylogenetic relationships of the Cyrtodactylus pulchellus complex based 1473 bp of the mitochondrial gene NADH dehydrogenase subunit 2 (ND2) and its flanking tRNAs (WANCY). We sampled as widely as possible across the range of this complex, being sure to include multiple representatives from populations of the broadly characterized color pattern groups noted in Grismer (2011) and from all major physiographic regions from where this complex is known to occur. Unfortunately, we were still unable to obtain tissues of C. phuketensis. Based on Wood et al. (2012) , we used C. interdigitalis Ülber, C. elok Dring, C. hontreensis Ngo, Grismer & Grismer, C. intermedius (Ulber) and Cyrtodactylus sp. as the nearest outgroups to root the tree and Tropiocolotes steudneri (Peters), Agamura persica (Duméril), and Hemidactylus frenatus Duméril & Bibron were included as more distant outgroups. Taxon sampling for the ingroup included 93 individuals from 26 localities and eight individuals for the outgroup. All new sequences were deposited in GenBank (Table 2) . Molecular data. Genomic DNA was isolated from liver or skeletal muscle specimens stored in 95% ethanol using the Qiagen DNeasy TM tissue kit (Valencia, CA, USA). ND2 was amplified using a double-stranded Polymerase Chain Reaction (PCR) under the following conditions: 1.0 µl genomic DNA, 1.0 µl light strand primer 1.0 µl heavy strand primer, 1.0 µl dinucleotide pairs, 2.0 µl 5x buffer, MgCl 10x buffer, 0.1 µl Taq polymerase, and 7.56 µl ultra-pure H 2 O (Table 3) . PCR reactions were executed on an Eppendorf Mastercycler gradient thermocycler under the following conditions: initial denaturation at 95°C for 2 min, followed by a second denaturation at 95°C for 35 s, annealing at 48°C for 35 s, followed by a cycle extension at 72°C for 35 s, for 31 cycles. All PCR products were visualized on a 1.0 % agarose gel electrophoresis. Successful PCR products were vacuum purified using MANU 30 PCR plates (Millipore) and purified products were resuspended in ultra-pure water. Purified PCR products were sequenced using the ABI Big-Dye Terminator v3.1 Cycle Sequencing Kit in an ABI GeneAmp PCR 9700 thermal cycler. Cycle sequencing reactions were purified with Sephadex G-50 Fine (GE Healthcare) and sequence on an ABI 3730xl DNA Analyzer are the BYU DNA Sequencing center (DNASC).
Primers used for amplification and sequencing are presented in Table 3 . Sequences were analyzed from both the 3' and the 5' ends separately to confirm congruence between the reads. Both the forward, reverse and the two internal sequences were uploaded and edited in Geneious TM version v6.1.8 (Drummond et al. 2011) and were edited therein. The protein-coding region of the ND2 sequence was aligned by eye. Mesquite v3.04 (Maddison & Maddison 2015) was used to calculate the correct amino acid reading frame and to confirm the lack of premature stop codons.
A Maximum Likelihood (ML) phylogenetic analysis was implemented in IQ-TREE (Nguyen et al. 2015) . The Bayesian Information Criterion (BIC) calculated TN+I+G4 to be the best-fit model of evolution for each codon position and employed 1000 bootstrap pseudoreplicates via the ultrafast bootstrap approximation algorithm. Nodes having ML UFboot values (UF) of 95 and above were considered significantly supported (Minh et al. 2013) . A time-calibrated chronogram was generated in BEAST v1.8 (Drummond et al. 2012 ) using the models of molecular evolution employed in Grismer et al. (2014a: Table 3 ). The analysis was run using an uncorrelated lognormal relaxed clock model and a Birth-Death prior for the speciation process. Fossil calibrations from Wood et al. (2012) which placed a date of 25.6 mya on the outgroup node between the Cyrtodactylus pulchellus complex and its sister lineage containing C. interdigitalis and C. elok was used as a constraint prior to date this node. This analysis was run for 150,000,000 generations. Log files were visualized in Tracer v1.5 (Drummond et al. 2012) to assess parameter convergence and stationarity of the likelihood scores (i.e. ESS values above 200). A maximum clade credibility tree using mean heights was constructed for each partitioning scheme using TreeAnotator v1.8.0 (Drummond et al. 2012) . Nodes with posterior probabilities (PP) of 0.95 and above were considered strongly supported (Hulsenbeck et al. 2001; Wilcox et al. 2002) . Pairwise sequence divergences (Table 4) were calculated in MEGA v6.06 (Tamura et al. 2013) .
Morphological analysis. Color notes were taken from digital images of living specimens of all possible age classes prior to preservation. The following measurements taken by MSG on the type series using Mitutoyo dial calipers to the nearest 0.1 mm under a Nikon SMZ 1500 dissecting microscope on the left side of the body when possible: snout-vent length (SVL), taken from the tip of snout to the vent; tail length (TL), taken from the vent to the tip of the tail, original or regenerated; tail width (TW), taken at the base of the tail immediately posterior to the postcloacal swelling; forearm length (FL), taken on the dorsal surface from the posterior margin of the elbow while flexed 90º to the inflection of the flexed wrist; tibia length (TBL), taken on the ventral surface from the posterior surface of the knee while flexed 90º to the base of the heel; axilla to groin length (AG), taken from the posterior margin of the forelimb at its insertion point on the body to the anterior margin of the hind limb at its insertion point on the body; head length (HL), the distance from the posterior margin of the retroarticular process of the lower jaw to the tip of the snout; head width (HW), measured at the angle of the jaws; head depth (HD), the maximum height of head measured from the occiput to the throat; eye diameter (ED), the greatest horizontal diameter of the eye-ball; eye to ear distance (EE), measured from the anterior edge of the ear opening to the posterior edge of the eye-ball; eye to snout distance (ES), measured from anteriormost margin of the eye-ball to the tip of snout; eye to nostril distance (EN), measured from the anterior margin of the eye ball to the posterior margin of the external nares; inner orbital distance (IO), measured between the anterior edges of the orbit; ear diameter (EL), the greatest vertical distance of the ear opening; and internarial distance (IN), measured between the nares across the rostrum. Additional character states evaluated on the type series and comparative material (Appendix) were numbers of supralabial and infralabial scales counted from the largest scale immediately posterior to the dorsal inflection of the posterior portion of the upper jaw to the rostral and mental scales, respectively; the degree of body tuberculation-weak tuberculation referring to dorsal body tubercles that are low and rounded whereas prominent tuberculation refers to tubercles that are raised and keeled; the presence or absence of tubercles on the dorsal and ventral margins of the forearm; the number of paravertebral tubercles between limb insertions counted in a straight line immediately left of the vertebral column; the number of longitudinal rows of body tubercles counted transversely across the center of the dorsum from one ventrolateral fold to the other; the presence or absence of tubercles in the gular region, throat, and ventrolateral body folds; the number of longitudinal rows of ventral scales counted transversely across the center of the abdomen from one ventrolateral fold to the other; the shape of the subdigital lamellae proximal to the digital inflection; the number of subdigital lamellae beneath the fourth toe counted from the base of the first phalanx to the claw; the total number of femoroprecloacal pores (i.e., the contiguous rows of femoral and precloacal scales bearing pores combined as a single meristic referred to as the femoroprecloacal pores); the degree and arrangement of body tuberculation; the relative size and shape of the subcaudal scales; the number of dark body bands between the nuchal loop (sensu Grismer 1988 ) and the caudal constriction; the width of the dark body bands relative to the width of the interspace between the bands; the presence or absence of a band outlined in white on the thigh; number of dark caudal bands on the original tail; the presence or absence of dark pigmentation infused in the white caudal bands of adults; and whether or not the posterior portion of the original tail in hatchlings and juveniles less than 50 mm SVL was white or whitish and faintly banded or boldly banded. Additional specimens examined are listed in the appendix of Grismer et al. (2012 Grismer et al. ( , 2014a . LSUHC refers to the La Sierra University Herpetological Collection, La Sierra University, Riverside, California, USA; USMHC refers to the Universiti Sains Malaysia Herpetological Collection in the School of Biological Sciences at the Universiti Sains Malaysia, Penang, Malaysia; ZMKU R refers to the Zoological Museum of Kasetsart University, Bangkok, Thailand; and LSUDPC refers to the La Sierra University Digital Photo Collection.
Results
Phylogenetic relationships. The time-calibrated BEAST and likelihood analyses resulted in trees with identical topologies and well-supported nodes (Fig. 2) . The analyses indicate that the new population of Cyrtodactylus from Felda Chiku 7 is imbedded within the C. pulchellus complex and is the sister species of C. jelawangensis from Gunung Stong, Kelantan (Fig. 2) . The unique lineage identity of this population is supported by morphological and color pattern data that clearly indicate it is discretely diagnosable from all other species within the C. pulchellus complex ( Table 5 ). The BEAST analysis corroborates the reciprocal monophyly of the allopatric populations within C. bintangrendah (i.e., C. bintangrendah and C. lenggongensis sp. nov.) and the lack of gene flow between them as previously noted in Grismer et al. (2012 Grismer et al. ( , 2014a ) and as such, supports the species-level recognition of the Lenggong Valley population (Fig. 2) . The BEAST analysis also corroborates the morphological and color pattern hypotheses of Grismer et al. (2012a) in that it aligns C. lekaguli with the other limestone forest species C. astrum and C. langkawiensis. Using the BEAST analysis we inferred that colonization of karst ecosystems within the C. pulchellus complex has occurred independently at least four times (see discussion below) from 26.1-0.78 mya (Fig. 2 ).
Taxonomy
Cyrtodactylus hidupselamanya sp. nov. English: Chiku Bent-toed Gecko Malay: Cicak Jari-bengkok Chiku Paratypes. Paratypes LSUHC 12158-62, 12164-65, 12173-75 bear the same collection data as the holotype. Diagnosis. Cyrtodactylus hidupselamanya sp. nov. can be differentiated from all other species of Cyrtodactylus by having the combination of the following characters: maximum SVL of approximately 199 mm; 8-12 supralabials; 9-12 infralabials; weak tuberculation on body; no tubercles on ventral surface of forelimbs, gular region, in ventrolateral body folds, or anterior one-third of tail; 39-48 paravertebral tubercles; 19-23 longitudinal tubercle rows; 26-33 ventral scales; 19-24 subdigital lamellae on fourth toe; no femoral pores; 17-22 precloacal pores; deep precloacal groove in males; four dark dorsal body bands; body bands as wide or slightly wider than interspaces; no rostral chevron; body bands and nuchal loop edged with a thin white, tubercle bearing lines; no scattered white tubercles on dorsum; no banding on base of thigh; 8-10 dark caudal bands on original tail; white caudal bands generally immaculate; and hatchlings and juveniles bearing white tail tips. These characters are scored across all species of the C. pulchellus complex in Table 5 . Description of holotype. Adult male, 97.5 mm SVL; head large, moderate in length (HL/SVL 0.30), wide (HW/HL 0.67), somewhat flattened (HD/HL 0.36), distinct from neck, triangular in dorsal profile; lores concave anteriorly, inflated posteriorly; frontal and prefrontal regions deeply concave; canthus rostralis rounded anteriorly; snout elongate (ES/HL 0.45), rounded in dorsal profile, laterally constricted; eye large (ED/HL 0.26); ear opening elliptical, moderate in size (EL/HL 0.07), obliquely oriented; eye to ear distance greater than diameter of eye; rostral rectangular, divided dorsally by an inverted Y-shaped furrow, bordered posteriorly by left and right supranasals, and one medial postrostrals (=internasals), bordered laterally by first supralabials; external nares bordered anteriorly by rostral, dorsally by large supranasal and smaller postrostral, posteriorly by two postnasals, ventrally by first supralabial; 11(R, L) rectangular supralabials extending to just beyond upturn of labial margin, tapering abruptly below midpoint of eye; first supralabial largest; 7(R) 8(L) infralabials tapering in size posteriorly; scales of rostrum and lores weakly raised, larger than granular scales on top of head and occiput, those on posterior portion of canthus rostralis slightly larger; scales on occiput intermixed with small tubercles; posterior interorbital region tuberculate; large, boney frontal ridges bordering orbit confluent with boney, transverse, parietal ridge; dorsal superciliaries elongate, smooth, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by left and right, rectangular postmentals which contact medially for 70% of their length; single row of slightly enlarged, elongate chinshields extending posteriorly to fourth infralabials; small, granular to flat gular scales grading posteriorly into larger, flat, smooth, imbricate, pectoral and ventral scales.
Body relatively short (AG/SVL 0.47) with well-defined, non-tuberculate, ventrolateral folds; dorsal scales small, granular, interspersed with low, regularly arranged, keeled tubercles, smaller intervening tubercles occasionally present; tubercles extend from top of head to caudal constriction and onto anterior one-fifth of tail; tubercles on occiput and nape small, those on body largest; approximately 22 longitudinal rows of tubercles at midbody; 44 paravertebral tubercles; 27 flat imbricate ventral scales between ventrolateral body folds; ventral scales larger than dorsal scales; precloacal scales large, smooth; deep precloacal groove.
Forelimbs moderate in stature, relatively short (FL/SVL 0.18); scales on dorsal surfaces of forelimbs, small, juxtaposed, intermixed with large tubercles in near contact with one another; scales of ventral surface of forearm flat, subimbricate, tubercles absent; palmar scales weakly rounded; digits well-developed, inflected at basal, interphalangeal joints; subdigital lamellae rectangular proximal to joint inflection, only slightly expanded distal to inflection; digits more narrow distal to joints; claws well-developed, sheathed by a dorsal and ventral scale; hind limbs more robust than forelimbs, moderate in length (TBL/SVL 0.20), larger tubercles on dorsal surface of legs separated by smaller subimbricate scales; ventral scales of thigh flat, smooth, imbricate, larger than dorsal granular scales; ventral, tibial scales flat, smooth, imbricate; single row of greatly enlarged, flat, rectangular, imbricate, femoroprecloacal scales extend nearly from knee to knee through precloacal region where they are continuous with enlarged, pore-bearing precloacal scales; 19 contiguous, pore-bearing precloacal scales forming an inverted T bearing a deep, precloacal groove in which six pore-bearing scales are found (three on left, three on right); postfemoral scales immediately posterior to enlarged scale row small, nearly granular, forming an abrupt union with postfemoral scales on posteroventral margin of thigh; plantar scales low, slightly raised; digits welldeveloped, inflected at basal, interphalangeal joints; subdigital lamellae proximal to joint inflection rectangular, only slightly expanded distal to inflection; digits more narrow distal to joints; claws well-developed, sheathed by a dorsal and ventral scale; 23(R) 22(L) subdigital lamellae on 4th toe.
Tail original 128.0 mm in length, 9.3 mm in width at base, tapering to a point; dorsal scales of tail flat, squarish; subcaudal region bearing large median row of transverse scales; no caudal furrows; base of tail bearing hemipenial swellings; three small, postcloacal tubercles on each hemipenial swelling; postcloacal scales smooth, flat, large, imbricate.
Coloration in life. Dorsal ground color of head, body, limbs, and tail light-brown, immaculate; no V-shaped line on rostrum; wide, dark-brown nuchal loop edged anteriorly and posteriorly by thin, white line bearing tubercles; four dark-brown body bands between nuchal loop and hind limb insertions edged anteriorly and posteriorly by thin white lines bearing tubercles; body bands as wide as interspaces; no markings on posterior margin of thigh; ventral surface of head, body, and limbs beige, immaculate except for black stipples in each scale; tail bearing eight dark bands separated by seven, narrower, beige (anteriorly) to white (posteriorly) bands; subcaudal region tan. Variation (Figs. 3, 4) . The paratypes are remarkably similar to the holotype in overall coloration and pattern, likely due to substrate matching. The posterior section of the tail in the hatchling (LSUHC 12177) and the juvenile (LSUHC 12176) is whitish with faint bands-a condition found in the vast majority of cave-adapted Cyrtodactylus throughout Southeast Asia and all other limestone ecosystem adapted species in the C. pulchellus complex (Grismer et al. , 2014a . However, unlike all other of the latter, the white coloration remains into adulthood when unstressed (Fig. 4) . Like other species in the C. pulchellus complex, hatchlings of C. hidupselamanya sp. nov. bear bright-yellow dorsal interspaces (Fig. 3 ) that fade to brown in adulthood. Meristic and additional color pattern differences are listed in Table 6 .
Distribution. Cyrtodactylus hidupselamanya sp. nov is known only from the type locality at Felda Chiku 7, Kelantan, Peninsular Malaysia (Fig. 1) . Another karst formation approximately 1 km to the south was not surveyed. There are other isolated karst formations 5-10 km away that were also not surveyed.
Etymology. The specific epithet hidupselamanya is a modification of the Malay words "hidup selamanya" which, loosely translated means "live forever" and is in reference this species precarious future being that its limestone habitat is targeted to be completely quarried.
Natural history. All specimens of Cyrtodactylus hidupselamanya sp. nov. were collected at night between 2000 and 2400 hrs inside a complex network of caves and caverns permeating and coursing through an isolated karst formation (Fig. 5) . A very narrow swath of undisturbed limestone forest closely surrounds the karst formation but the forest for several kilometers beyond this has been cleared for oil palm plantations (Fig. 5) . Some lizards were collected in open areas on the limestone walls near cavern entrances while others were found on walls much deeper within the cave systems. All specimens were found between 1-4 m above the cave floor. One specimen observed during the day at 1730 hrs inside the cave was taking refuge deep within a crack approximately 25 m from the cave entrance. It is likely that C. hidupselamanya sp. nov. ventures outside the caves at night to forage on the exterior walls of the karst formation although none were found. One juvenile (LSUHC 12176), however, was found on the limestone vegetation next to an exterior wall. Of the four adult females sampled (LSUHC 12159, 12162, 12173-74) , none were gravid although one hatchling was collected (LSUHC 12177). This would suggest that C. hidupselamanya sp. nov. does not breed year-round and that April is at the end of its reproductive season. Lizards were quite common, generally unwary of our approach, and usually did not try to escape capture. We also noted that only two of 14 specimens (14%) collected had regenerated tails. This would suggest that predation within the cave systems is not high. This is in contrast to other karst ecosystem species that utilize the surrounding limestone vegetation such C. gunungsenyumensis and C. metropolis. Both species are far less numerous, extremely wary and difficult to catch, and have a high frequency of regenerated tails-nearly 100% in the former (Grismer et al. 2014c; 2016a) .
Comparisons. Cyrtodactylus hidupselamanya sp. nov. is differentiated from all other species of the C. pulchellus complex being that it is the only species with the exception of C. jelawangensis in which the posterior caudal region is whitish in adults. It is further differentiated from all other species by having a combination of weak tuberculation on body; no tubercles on the ventral surfaces of the forelimbs, on the gular region, or in the ventrolateral body folds; 19-23 longitudinal rows of dorsal tubercles; 39-48 paravertebral tubercles; 26-33 ventral scales; 19-24 subdigital lamellae on the fourth toes; no femoral pores but 17-22 precloacal pores; a deep precloacal groove; four body bands; body bands as wide or slightly wider than interspaces; body bands and nuchal loop edged with a thin white line bearing tubercles; no scattered white tubercles on the dorsum; 8-10 dark caudal bands on the original tail separated by immaculate (posteriorly) white caudal bands (Table 5) . Within the C. pulchellus complex, C. hidupselamanya sp. nov. is the sister species of C. jelawangensis but separated from it on the basis of having low and rounded as opposed to prominent tubercles; lacking as opposed to having tubercles on the ventral surfaces of the forelimbs; and having fewer rows of longitudinal dorsal tubercles (19-23 versus 23-25) (Table 5 ).
FIGURE 5. Left: limestone forest habitat and karst tower of the type locality of Cyrtodactylus hidupselamanya sp. nov. from Felda Chiku 7, Kelantan, Peninsular Malaysia. Right: Three dimensional Google Earth satellite image view of the karst formation encompassing the type locality illustrating its island-like nature being that it is surrounded by oil palm agriculture. White circles denote approximate collecting sites of the type series. Bottom: edge of the karst tower at the type locality.
Remarks. The karst formation in which Cyrtodactylus hidupselamanya sp. nov. occurs is scheduled to be completely quarried for its limestone and other raw materials by ASN Cement Sdn Bhd. From what we currently know about this species, this will result in its extinction.
Cyrtodactylus lenggongensis sp. nov. English: Lenggong Bent-toed Gecko Malay: Cicak Jari-bengkok Lenggong Fig. 6 Cyrtodactylus bintangrendah Grismer et al. 2012 Grismer et al. :32, 2014a Holotype. Adult male, LSUHC 9974 collected on 29 October 2011 by E.S.H. Quah, Fatim, S.B.M., and Nor Amira, B.A.R from Lenggong Valley, Perak, Peninsular Malaysia (5°06.431" N 100°58.322" E; at 104 m elevation).
Paratypes. Paratypes, LSUHC 9975-77 bear the same collection data as the holotype. These were all once type material of Cyrtodactylus bintangrendah but are now excluded from that species.
Diagnosis. Cyrtodactylus lenggongensis sp. nov. can be differentiated from all other species of Cyrtodactylus by having a maximum SVL of 103.1 mm; 10 or 11 supralabials; 8-10 infralabials; prominent tuberculation on body; no tubercles on ventral surface of forelimbs, gular region, or in ventrolateral body folds; tubercles on anterior one-third of tail; 36-41 paravertebral tubercles; 22-25 longitudinal tubercle rows; 32 or 33 ventral scales; 20-23 subdigital lamellae on fourth toe; no femoral pores; 39-41 femoroprecloacal scales; deep precloacal groove; four or five dark dorsal body bands; body band width less than to slightly more than interspace width; body bands and nuchal loop edged with a thin yellowish, tubercle-bearing lines; no scattered white tubercles on dorsum; 14 dark caudal bands on original tail; and light-colored caudal bands immaculate. These characters are scored across all species of the C. pulchellus complex in Table 5 .
Description of holotype. Adult male, SVL 100.0 mm; head large, moderate in length (HL/SVL 0.29), wide (HW/HL 0.70), somewhat flattened (HD/HL 0.38), distinct from neck, triangular in dorsal profile; lores concave anteriorly, inflated posteriorly; frontal and prefrontal regions deeply concave; canthus rostralis rounded anteriorly; snout elongate (ES/HL 0.45), rounded in dorsal profile, laterally constricted; eye large (ED/HL 0.24); ear opening elliptical, moderate in size (EL/HL 0.10), obliquely oriented; eye to ear distance greater than diameter of eye; rostral rectangular, divided dorsally by an inverted Y-shaped furrow, bordered posteriorly by left and right supranasals, and one medial postrostrals (=internasals), bordered laterally by first supralabials; external nares bordered anteriorly by rostral, dorsally by large supranasal and smaller, posteriorly by two postnasals, ventrally by first supralabial; 10 (R, L) rectangular supralabials extending to just beyond upturn of labial margin, tapering abruptly below midpoint of eye; first supralabial largest; 10 (R, L) infralabials tapering in size posteriorly; scales of rostrum and lores weakly raised, larger than granular scales on top of head and occiput, those on posterior portion of canthus rostralis slightly larger; scales of occiput intermixed with small tubercles; posterior interorbital region tuberculate; large; boney frontal ridges bordering orbit confluent with boney, transverse, parietal ridge; dorsal superciliaries elongate, smooth, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by left and right, rectangular postmentals which contact medially for 40% of their length; single row of slightly enlarged, elongate chinshields extending posteriorly to fifth infralabial; small, granular to flat gular scales grading posteriorly into larger, flat, smooth, imbricate, pectoral and ventral scales. Body relatively short (AG/SVL 0.45) with well-defined, non-tuberculate, ventrolateral folds; dorsal scales small, granular, interspersed with prominent, regularly arranged, keeled tubercles, smaller intervening tubercles rarely present; tubercles extend from top of head to caudal constriction and onto anterior one-third of tail; tubercles on occiput and nape small, those on body largest; approximately 23 longitudinal rows of tubercles at midbody; 36 paravertebral tubercles; 33 flat imbricate ventral scales between ventrolateral body folds, ventral scales larger than dorsal scales; precloacal scales large, smooth; deep precloacal groove.
Forelimbs moderate in stature, relatively short (FL/SVL 0.16); scales on dorsal surfaces of forelimbs, small, juxtaposed, intermixed with large low, rounded, widely separated tubercles; scales of ventral surface of forearm flat, subimbricate, tubercles absent; palmar scales weakly rounded to flat; digits well-developed, inflected at basal, interphalangeal joints; subdigital lamellae rectangular proximal to joint inflection, only slightly expanded distal to inflection; digits more narrow distal to joints; claws well-developed, sheathed by a dorsal and ventral scale; hind limbs more robust than forelimbs, moderate in length (TBL/SVL 0.19), large, low, rounded tubercles on dorsal surface of legs separated by smaller subimbricate scales; ventral scales of thigh flat, smooth, imbricate, larger than dorsal granular scales; ventral, tibial scales flat, smooth, imbricate; single row of 41 greatly enlarged, flat, rectangular, imbricate, femoroprecloacal scales extend nearly from knee to knee through precloacal region where they are continuous with enlarged, pore-bearing precloacal scales forming an inverted T bearing a deep, precloacal groove in which eight pore-bearing scales are found (four on left, four on right); postfemoral scales immediately posterior to enlarged scale row small, nearly granular, forming an abrupt union with postfemoral scales on posteroventral margin of thigh; plantar scales low, flat, slightly raised; digits welldeveloped, inflected at basal, interphalangeal joints; subdigital lamellae proximal to joint inflection rectangular, only slightly expanded distal to inflection; digits more narrow distal to joints; claws well-developed, sheathed by a dorsal and ventral scale; 21(R, L) subdigital lamellae on 4th toe.
Tail, 97.0 mm in length, original portion 7 mm, regenerated portion 90.0 mm, width at base 8.4 mm, tapering to a point; dorsal scales of tail flat, squarish; subcaudal region bearing large median row of large, transverse scales; no caudal furrows; base of tail bearing hemipenial swellings; three small, postcloacal tubercles on each hemipenial swelling; postcloacal scales smooth, flat, large, imbricate.
Coloration in life (Fig. 6) . Dorsal ground color of head, body, limbs, and tail tan, immaculate; no V-shaped line on rostrum; wide, dark-brown nuchal loop edged anteriorly and posteriorly by thin, yellowish lines bearing tubercles; five, narrow, dark-brown body bands between nuchal loop and hind limb insertions edged anteriorly and posteriorly by rows of yellowish tubercles; body band width less than interspace width; no markings on posterior margin of thigh; ventral surface of head, body, and limbs beige, immaculate except for black stipples in each scale; and anterior portion of original tail banded, posterior regenerated portion unicolor dark-brown.
Variation (Fig. 6) . The paratypes resemble the holotype in general aspects of coloration and pattern except that LSUHC 9975 and 9977 have four instead of five dorsal bands that are as wide as the interspace width versus less than the interspace width. LSUHC 9975 also has a complete tail bearing 14 dark bands separated by 14, narrower, beige (anteriorly) to white (posteriorly) bands that encircle tail. The subadult LSUHC 9977 is more boldly marked and the anterior 50% of the tail is original and bears black and white bands. Meristic differences are listed in Table 7 .
Distribution. Cyrtodactylus lenggongensis sp. nov. is known only from the type locality at Lenggong Valley, Ulu Perak, Perak, Peninsular Malaysia (Fig. 1) .
Etymology. The specific epithet lenggongensis refers to the Lenggong Valley, Perak where this species is endemic. Natural History. Cyrtodactylus lenggongensis sp. nov. is saxicolous and found on limestone karst outcrops and in the vicinity of the mouths of limestone caves (Fig. 7) . During the day, geckos are occasionally observed hiding in cracks and crevices of the outcrops. At night, lizards emerge and can be found perching or crawling over the walls of the karst formation 1-3 m above the ground. No lizards were found on the surrounding vegetation.
Comparisons. Cyrtodactylus lenggongensis sp. nov. is differentiated from all other species of the C. pulchellus complex by having a combination of low, rounded tubercles on body; no tubercles on ventral surfaces of forelimbs, gular region or in the ventrolateral body folds; 36-41 paravertebral tubercles; 32 or 33 ventral scales; 39-41 femoroprecloacal pores; a deep precloacal groove; four or five body bands that are less than to slightly wider than the width of the interspace; body bands and nuchal loop edged with yellowish tubercles; and no scattered white tubercles on dorsum (Table 5) . Within the C. pulchellus complex, C. lenggongensis sp. nov. is the sister species of C. bintangrendah sensu stricto to which it was once considered conspecific (Grismer et al. , 2014a . However it differs from C. bintangrendah sensu stricto in having weaker body tuberculation; no tubercles in the ventrolateral folds; tubercles on forelimbs and legs are low, rounded and widely separated versus being large and in near contact; fewer femoroprecloacal scales (39-41 versus 41-46); 14 versus eight or nine dark caudal bands on the original tail, caudal bands encircling tail forming rings; and a smaller maximum SVL (103.1 versus 114.4).
Remarks.Unlike Cyrtodactylus hidupselamanya sp. nov., C. lenggongensis sp. nov. is not destined to become extinct by the quarrying interests of foreign industrial companies but rather it is protected through the UNESCO Archaeological Heritage of the Lenggong Valley due to the area's archaeological significance. It is sad that ancient living relicts of the past (i.e. species) that did not happen to go extinct do not garner as much importance or appreciation as archeological relicts that did. 
Parallel evolution of karst-dwelling species in the Cyrtodactylus pulchellus complex
Because the most closely related outgroup lineage of the Cyrtodactylus pulchellus complex is composed of forestdwelling species it is most parsimonious to infer that a karst ecosystem life style has evolved independently at least four times (Fig. 2) in the C. pulchellus complex between approximately 26.1 and 0.78 million years ago (mya). The first lineage to adapt to a karst ecosystem was a monophyletic group currently composed of C. lekaguli and the sister species C. astrum and C. langkawiensis somewhere between 26.1 and 11.9 mya (Fig. 2) . The current distribution of these species is generally contiguous and parapatric and collectively ranges throughout the karstic region of the central Thai-Malay Peninsula between the Isthmus of Kra and the Thai-Malaysian border (Fig.1) . The remaining three species to invade karst ecosystems from forest-dwelling ancestors-C. hidupselamanya sp. nov., C. lenggongensis sp. nov., and C. sharkari-did so independently and nearly simultaneously between 3.4 and 0.78 mya. Being that these four species do not form a monophyletic group, it is likely that their overall resemblance is due to convergent evolution imposed on them by similar selection pressures involved with living in a restrictive karst ecosystem. Much of this appears to be related to substrate matching, resulting in similar color patterns that are generally faded in appearance and lack the bold, contrasting color schemes seen in the various forest species (C. sharkari being the exception; Fig. 8 ) along with a reduction in the degree of tuberculation. These are characteristics generally found in most other karst ecosystem species of Cyrtodactylus regardless of their phylogenetic relationships (see Table 6 in Grismer et al. 2016 for references of 43 Sundaic and Indochinese species). Being that C. hidupselamanya sp. nov. is a cave-dwelling species, it manifests similar ecomorphological body proportions documented in other cave-dwelling Cyrtodactylus (Grismer et al. 2015) and are currently being compared to and contrasted with all other members of the C. pulchellus complex (Murdoch et al. in prep.) .
Discussion
Tropical ecosystems worldwide have been under constant threat for well over a century due to the harvesting of their natural resources be they the valuable timbers in their forests, subterranean minerals, oil and natural gas, or simply the space they occupy for industrialized agricultural endeavors. Currently, Southeast Asian rainforests are some of the most threatened rainforests in the world and are being cleared faster than those of any other place on the planet. Although Peninsular Malaysia has lagged behind other Southeast Asian nations in the rate in which its forests have been destroyed, many areas nonetheless are highly threatened and the threat is growing. Deforestation due to agriculture and mining have been longstanding challenges to conservation efforts and of late, urbanization for industry and tourism have also seen a significant uptick. Now too, the quarrying of limestone forests and the destruction of the unique karst outcroppings that they surround have become lightning rods for conservation activists. The high degree of floral and invertebrate endemism in these limestone ecosystems has been well documented (Alström et al. 2010; Clements et al. 2006; Jenkins et al. 2004; Kiew 1998; Woxvold et al. 2009; Zhaoran et al. 2008 ) but until recently no endemic vertebrates had ever been recorded (see Grismer et al. 2014c for a discussion). Our work over the last 13 years has begun to document the high degree of reptile endemism and microendemism associated with karst ecosystems in Peninsular Malaysia. We have discovered and described eight new species of Bent-toed Geckos (genus Cyrtodactylus Gray), seven new species of Rock Geckos (genus Cnemaspis Boulenger), one new species of Wolf Snake (genus Lycodon Boie), and we are in the process of describing a new karst forest adapted species of Bronze-back Snake (genus Dendrelaphis Boulenger). Remarkably, these 17 species come from only 12 different karst formations and there are still 558 separate formations (Price 2014) we have yet to explore. Even if only one-third of these unexplored formations harbor only a single undiscovered species-although it is not uncommon to find multiple numbers of endemic species in some of the formations we have explored-it would increase the number of reptiles known from Peninsular Malaysia by approximately 50%. These statistics underscore the undeniable importance of karst ecosystems to the biodiversity of Peninsular Malaysia in general and to its herpetofauna in particular, yet these ecosystems are becoming some of the most threatened habitats in Peninsular Malaysia. We have been informed (Zaharil Dzulkafly, in litt. 4 November 2015) that the Detailed Environmental Impact Assessment for Felda Chiku 7, Kelantan was approved and that quarrying the type locality of C. hidupselamanya sp. nov. will commence in the near future.
